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Executive Summary

A Workshop on NPOESS Ozone Measurements Requirements was held

August 30-31, 1995, at the NOAA Science Center, Camp Springs,

Maryland. The Workshop was sponsored by the Office of Research and

Applications of the National Environmental Satellite, Data, and

Information Service as part of an Internal Concept Study for the

Integrated Program Office (ICS/IPO).

The purpose of the Workshop was to acquire scientifically-

based ozone measurements requirements to be carried out by the

National Polar-orbiting Operational Satellite System (NPOESS).

These and other ozone-related requirements were to be presented to

the IPO, to be considered in developing the operational satellite

system payload.

Participants at the Workshop represented a scientific cross-

section of users of satellite ozone data in a variety of studies

including ozone trends and climate change. Participants were

scientists from government agencies and universities in addition to

the scientists carrying out the IPO study.

Highlights of the Workshop were:

I) Completion of requirements for the ozone Environmental Data

Record (EDR) for the next version of the Interagency

Operational Requirements Document (IORD).

2) Presentation and discussion of the final report of the

Climate Suite Internal Concept Study conducted jointly by

NOAA/Office of Research and Applications, DoD/National

Research Laboratory and the University of Maryland,

Department of Meteorology.

3) Recommendations and justification for measurements other

than ozone but related to ozone photochemistry and climate

effects. These measurements include stratospheric aerosols

N20 , stratospheric and upper tropospheric water vapor,

CiO (or CIONO 2) and solar flux.

4) Agreement that user scientists must be involved in the

instrumental aspects of the NPOESS definition process.



Extended Summary of the Workshop

Background

The Workshop on Ozone Measurements Requirements for ozone

sensors in the NPOESS convened on August 30-31, 1995 , at the NOAA

facility in Camp Springs, Maryland.

The goal of the Workshop was to review and develop a

consensus of the scientific community on the measurement

requirements for ozone applicable to the next-generation

operational system. NPOESS, the converged satellite system of

the future, will become operational early in the next century.

It will be designed to satisfy a host of operational requirements

including long-term measurements for monitoring purpose.

Excerpts from the IORD were made available to the Workshop

participants. These excerpts spelled out the then-current state

of the operational requirements and the overall rationale for the

measurements. Several elements of the ozone EDR were listed as

TBD and the Workshop participants were asked to address the

requirements.

Participants were asked to address ozone measurement

requirements from their individual viewpoints and research needs.

For those items listed as TBD, they were to recommend specific

capabilities. Other parameters related to ozone (ie, other

constituents and temperature) were also to be addressed.

Participants selected were in the general category of "users"

rather than "measurers." Emphasis was to be on operational
measurement rather than research measurements.

A list of participants is given in Appendix i.

The Workshop began with a brief overview of the NPOESS

requirements process, schedules and the Internal Concept Study

for the Climate Suite under the Integrated Program Office. As

previously stated to the participants, the goal of the Workshop

was to review and develop a consensus on the measurement

requirements for ozone applicable to the next-generation NPOESS.

The parameters for the ozone Environmental Data Record as

contained in the Integrated Operational Requirements Document was

noted to contain many TBDs. The Workshop participants were asked

to address these requirements by supplying the missing parameters

of the EDR as well as reviewing and changing the existing

parameters.

Informal Presentations

Several participants gave individual presentations

addressing different aspects of the Workshop objective. Not all

are included with this Summary but all are listed in Appendix 2.

J. Kaye presented his thoughts on the need for ozone



measurements. Based in part on past reports such as the National
Plan for Stratospheric Monitoring (FCM.PI7.1989) and Spaced Based

Ozone Measurements in the 21st Century (from the Dulles, VA.,

meeting held in June 1994), several questions on the why and what

of monitoring were presented and discussed. A summary of his
recommendations follows:

o Converged program should include monitoring of ozone and
related constituents

o Ozone measurements should include mapping of total ozone

and improved measurement of vertical profile stratosphere and

troposphere)

o Enough other quantities should be monitored so that data

can be interpreted, especially temperature, CI0, H20, aerosols,

HNO 3, and possibly one dynamical tracer (N20?)

o Allowance should be made for related parameters

(tropospheric aerosols, S02) and supporting applications

(including very rapid access to data) where incremental costs are
low

o The overall international measurement program should be

significantly larger than the operational monitoring program to

provide the full context for interpretation of measurements and

continued validation of hypotheses.

L. Hood discussed his work with TOMS ozone data and the

measurements requirements for ozone and related parameters,

including temperature, solar UV spectral irradiance and

geopotential height.

K. Bowman discussed the role of ozone in studies on

transport and mixing in the stratosphere and requirements for

ozone and other parameters in general

E. Remsberg discussed ozone measurements needs particularly

as related to ozone profile accuracy (±3 to 5%) and temperature

accuracy (±2k). Measurements should be extended into the

mesosphere. Ozone and temperature profiles should have similar

vertical resolution (3km or less).

J. Angell discussed long-term histories of total ozone and

ozone vertical profiles. He pointed out some research issues

with the latter especially concerning volcanic ash solar

activity, QBO and E1 Nino effects.

L. Perliski discussed research in Global Circulation

Modelling and the development of a fully-interactive GCM with

detailed photochemistry.

R. Portmann discussed the role of aerosols and their

variations in ozone depletion. He emphasized the depletion



occurring in the northern mid-latitudes and in the springtime
Antarctic. He noted that in order to interpret future ozone
measurements, coincident aerosol measurements are essential.

S. Chandra discussed solar activity-ozone relations using

stratospheric ozone distributions determined from SBUV/2 and MLS

observations.

R. Lucke discussed the study sponsored by the NPOESS

Integrated Program Office on the applicability of existing and

planned ozone sensors. He specifically related sensor

characteristics (cost, weight, power) as well as measurement

performances as they all relate to the NPOESS measurements

requirements. Included in the study report prepared for IPO were

measurement parameters for several atmospheric species related to

ozone photochemistry.

D. Wuebbles discussed the need for measurements of other

constituents in order to better understand ozone. During the

Workshop he prepared a note on recommendations and justification

for ozone and other trace constituent measurements. This was

expanded and combined into a note by Perliski, Portmann and

Wuebbles which is Appendix 3 to this report.

Further general discussions

A vigorous discussion, both during the above presentations

and following, was centered on the objective of the Workshop; ie.

establishing the ozone measurement requirements for NPOESS. The

then-existing table of requirements was modified, completed and

clarified to generate a Workshop-endorsed table of requirements.

This is given in Appendix 4. Subsequent to the Workshop, it was

transmitted to the IPO. In addition to ozone, measurements of

other atmospheric parameters were discussed particularly of

stratospheric temperature and water vapor. After the Workshop

measurements requirements were generated by A. Miller

(temperature), D. Wuebbles (water vapor) and L. Hood (solar

ultra-violet flux) given in Appendix 5. Measurement requirements

for other species not covered in the Workshop are in the Internal

Concept Study Report and include N20, CI0, CION02 and HN03.
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Appendix 2

Workshop Materials Presentations

J. Kaye

L. Hood

K. Bowman

J. Angell

L. Perliski

R. Portmann

Some thoughts on measurements of ozone and related

atmospheric constituents for "convergence".

Measurement requirements for ozone and related

parameters - notes

Large-scale transport and mixing in the

stratosphere - notes

Research issues - notes

Long-term research plans - notes

The Role of aerosol variations in anthropogenic

ozone depletion - notes

S. Chandra notes

R.L. Lucke, W.G. Planet and R.D. Hudson - Climate Suite Study

Report for the NPOESS Internal Concepts Study - Part A:

Ozone Sensors (1995)

D. Wuebbles Recommendations and justifications for ozone and

other trace constituent measurements - note.
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Recommendation and Justification for

Ozone and Trace Constituent Measurements

Lori Perliski, Bob Portmaun and Donald J. Wuebbles

1.0 Introductory Comments

NPOESS will. play a cn:ilical role in monhming the atmospheric and oceanic environments

in the next century by sysmmmically measuring a variety of clima_al.ly-importmit vari-

ables. AlrJ_ngh about seventy n_asumm=nt pn'onties,or environmental data records

('EDlt_), have been established, the ctm'ently planned measurements may not provide the

opportunity to adequately monitor th_ fuun'e evolution of the ozone layer. The comments

below resultfi_m a workshop aimed at achieving a consensus on mquircmc mfor
NI_ESS ozone me_ts. Arguments arepresentedthatelucidatethe valueof mea-

suringother traceconstituentsin additionto ozone. The abilityto interpretozone mea-

surements accuxamly will bc c_ly _shcd without corm_onding

meas_ents ofothertraceconstituentsthough[tobe criticalin influencingozone levels.

Of highestimportance arc aerosolabundances,as well as stratosphericwater v_por and

thedynamical n:zcex,N_O, which would si_tilicandyenhance the abilityto determinethe

effectsof inter-annualdynamical vaziabilityon al_nosphericozone. Measurements of

atmospheric trace_ecics such as CIO, HCL BNO 3, and NO 2 which _ involved in the

partitioningof chlogue between reactive and reservoirfon_s,wouM alsobe very useful

Depending on the type of ozone measurement system chosen by the N'POESS program,

experience from the NASA UARS (Upper Atmosphare Research Satellite) Program has

demonstrated thatMditionalinstrumentchannelsmay easilybe added to measure these

species for relatively little additional cost.

2.0 Ozone

Specialconsiderationneeds to be given tomonitoringozone abundances in the upper tro-

pes'photoand lower stratosphere,thm'_fom it is csscn_1 thatthe N'POES S ozone measuee-

ments bc accuratein the upper troposphere and lower stratosphere.Thc_ are several

underlyingreasons forthispriority:

1) The observed changes in total ozone over the Last twenty years have largely been due to

decreases in lower stratospheric ozone. Over the next few decades, the significant strato-

sphezicozone decreasesdue to CFC's and halons arc predictedto decline as stratospheric
chlorine abundances begin to drop. However, recovery of the stratospheric ozone layer is

not expected to be largely complem until the middle of the next century, and will be

ck'pcndent on the actual _oduction and emissions of HCFCs and other replacemem com-

pounds, the extentm which the Copenhagen Amendment totheMontreal ixfollowed,and

the amount of methyl bromide releasedintotheatmosphere.



2) Recendy, tt_ c/_c_ of exlsdng and pmjccmd aizr.r_ emissions on upper n'oposphcric

and lower stratospheric ozone have b_n _ subjec_ of in_nse r_scarclL These pc_nda£
effects mm not well undczstood a_ this _mc, h_t am of suf_cicnt concern m wan-ant

increased emphasis on accum= ozone monitoring in ttms¢ regions. In addition, extm_iv_

use of next generation supca'sonic a.ksraR may begin around 2005, with probable flight

altitu_._in the 16-17 km altituderegion ofrltelower stratosph_-e.While currentmodels

of amao_heric dymmfical and photochemical processesdo not projectmajor changes in

ozone _ a fleet of as many as 500 of these HSCT sircra_ uncertainties in those models

justifythe need for monitoRng of or.onein this region.

3) Several studieshave shown thatozone changes in the upper troposphca'cand lower

stratosphere(i'oughly5-20 kin)would have themost significantimpact on radiativeforc-

ing ofclimatechange. Monitoring isneeded toes-mbli_whether thereareu'cndsin tropo-

sphericozone,.

3.0 Stratospheric Aerosols

Stratosphericaerosolsplay a key rol_in the partitioningbetween um'eacdve reservoir

forms of halogens and reactivespecieswhich desm_y ozone._geneous reactionsof

the_servoir molecules CIONO 2,N205, HCf mad Bx'ONO2 on thesu.rf_cesof stratospheric

aerosolsc_ectivcly convert unrea_ve chlorkm and bromine m mac-fiveforms wh.i!c

cyclingnitrogen to HNO 3,a sinkforthe reactives=atospher_ niu-ogen.These heteroge-

neous processesare verytempcrautre-dependentand tendtooccurfast_statcoldtcmper_-

un-es. I-towev_r, heterogeneous _omis_-y is thou_t to be relatively eEic_t on

su-atospheric background liquid sul_m aerosols as well as Polar Stratospheric Clouds

(PSCs). The presence of the background sul_r_ aerosol layer has likely incensed the

long._nn o_ne decrease at rnid-larila_lcs due to increases in auno@heric chlorine and

bromine. In addidoR, enhanced am'osol abundanc=s duc m volcaniceruptionscause l_gc

ozone depletion events, as observed _ter tlm eruptionsof E1 Chichon in 1982 and

Pinambo in 1991. The lower stratosphereae.xosolm'nounm have been highlyvaziabledur-

ing theperiodfrom thelateseventies(when satelliteaerosolmeasurements began) and the

present and willlikelyremain so in the _mm. Directmeasurement from satellitecun'ently

remains the only reliab1_way to obtainglobalestimatesof stratosphericaerosolsurface

Rr_a and attendanlc_ccts on ozone.

A fm-thexargument for long-term monimaSng of stratosphexicaerosolsis that_.Ithough

stratosphericozone is expected torecoverinthe nextcenturydue toatmospherichalogen

decreases,severalfactorscould slow or even reversethisrecovery.The s_tosphere could

cool,for example, as the tropospherewarms due to increasedcarbon diordde.A strato-

sphericcoolingwould accclcra¢ the temperamre-dzpendcnt heterogeneo_ conversionof

nonreactiveto reactivechlorineand bromine, and likelyincreasethe f:rcquencyof PSC

formation,perhaps acceleratinglower stratosphericozone lossathigh latitudes.Another

possibilityisthatthe propertiesof thes=atosphcri¢aerosollayeritselfcould exhibitIong-

r_t'mbehavior.Cuound-b_sed observationssuggesttha_the sulfateaerosolabundance in

the stratosphe.mmay be incxeasingdue to anthmpogenic sulfuremissions.Su'atospheric

waw_r v_por increases are also expected h_ th_ f_tum, due to amlospheric methane



increases.Both of _c._ factors will likely change the c_dcs of tim sn'_tosphcric

aerosol Layer, including the composiz_:m of _ aerosols (which affects d_ rat_ at which

hemmgeneous chemistry occurs) arieL,possibly the £r_ency of PSCs.

4.0 N20

Sina: therateatwhich lower stratosphericozone desmmtion occursisconm_Ued by such

memorologi_al parameters as tempexamm and sol_ insolation,itmay be argued that

understanding theroleof atmosphericdynamics and mmsport isessentialtopredictionof

ozone loss.Measurements of N20 provi_ a vc:rygood diagnosticof atmosphericIrarls-

partbecause itisa long-livedatmosphmSc chemical tracespecies.Sim_ ithas a netsource

at the earth'ssurface,and isdestroyedby photnlysisand rea_nionwith O(ID) (which is

itselfa Irroductof 03 pl_tolysis)in the upper su-amsphere,N20 has been successfully

used for such applicationsas definingtimpolar vormx and tropicalboundaries.In addi-

tion,ecmlpazisonsof N20 measurements wir.hmodel ca/cula/ic_has provided an cxcel-

lem opportunityto assessthefidelityof modelled amaosphericckcu/ationand transportto

the realatmosphere. Long-tsrm observationsof N20 would alsoenablethe community to

monitor atmospheric circulationtrends,and would,be of cobble sci_nti_ inmrcst

sinceno long-term observationsof a dynamical traceras good as N20 currentlyc._t.

5.0 Stratospheric Water Vapor

Monitoring water vapor in the upper troposphere (altitudes greater than 5 K-,r..)is extremely

important to improving the current understanding of the c!im_te sysmm and its potentixl

future changes. The amount of water vapor in this region and its response to clJmate

changes is an tmcerrain important element in improving the models being _ed to study
climate.

Long-term measurement of stratospheric water vapor is high priority becanse it is a signif-

icant souxr, e of reactive hydrogen in the stratos'phmm and plays s lmy role in the fomaation

oi" PSCs. Photochemistry involving hydrogen radicals is very impor'mnt because nitrogen

and halogen ozone dcstnlction cycles are effectively modnlated by formation of reservoir

s2_e,des such as HNO 3 and HCf by reactionwith hydrogen radicals.Ornne i_alsocatalyti-

callydestroyed by hydrogen-containingatmospheric _ species,and these cyclesare

currentlythought to dominate ozone lossin thsmid-laxitadc lower stratosphereand the

sunlit upper stratosphere.

Increasesin stratosphericwater vapor could affectheterogeneouschemical processesand

therefore stratospherk: ozone loss rates in the lower stratosphe_m through increa.dng the

formation rateof PSCs and changing thecompositionof stratospherica_ro_oh.Therefore

itwould be ofinteresttomonitorlong-termchanges in stral_spharicwaistvapor,which is

expected tointo'easedue toincreasingm_thane abundances.In addition,measureanents of

water vapor extending intoatleastthelower stratospherewould be usefulas an indicator

of possible elamag_s in the transport of water vapor into the stratosphea'e due to changes in



tropospherlcdrculatiom Because of im importance to climate, k is essential that monitor-

ing of water vapor to at least 100 mb (about 15 kin) be a high priority. Extending monitor-

Lug of water vapor to at least 20 kzn or highm- would provide valuable information on

chau_s occur_g in r.h¢ stmmsph¢l_., not only due to wamr vapor fronds, but empecmd

responses in ozone and oth_ stramspi_ric constituents.

Recent studies at the Uaiversiry of Rlinois indicate that active lidar measurements of water

vapor _om space could achieve exn_,nely high accuracies (1-2%) in measuring upper m>-

posphcfic concentradon_ of water vapor. The energy requlremenr_ are su_cienfly low that

further examination of such mchniques are wanm_ted.

6.0 Chlorine and Nitrogen Compounds

Them isove_a'whclmingevidence r2nUchlorinecompounds am largelyresponsiblefor the

ozone depletionfrom the mid-seventiestothepresent,and _cy arepmdicu_d m continue

to dsplet_ozone undl they declinetobar_kgmand levels(sometime in the middle of rhc

no.x: c_nu_-'y). The monitoring of a chlorine radical species like CIO will allow the direct

estimation of chlorine induc_ ozone loss. This would be exlz_mely valuable for idsnd_-

ing addifionatozone lossprocesses,and estimatingthe degree of chemical processingat

polarlatitudes.The measurement of a chlorinereservoirspecies(HCI or CAONO 2) would

alsobe of value inr.heinun'premfi.onofpolarozone loss.

Global measureme.ms of a nitrogsn compound, such as NO2 or HNO3, would be of value

inascertainingthedegree ofheterogeneousconversionof nonreactivem reactivehatogv.n-

containingmolecules. In addition, long-lermmeasurements _ nitrogen-contalnlngcom-

pounds would enable the moniloring of aunosphexicnitrogenu:endsduc to in_s in

suffac._nim'ugen sources and aircraft emissions.As discussed above, ur_ds tu strato-

spheric and uppe_ troposphericnia'ogenhave importantimplicationsfor ozone decreases

in the stratosphere and increases in the upper troposphex_.

AS pointed out earlier,chlodn_ and niu'ugen-containingmolecules such as CIO and NO2

may not appearm be exu'cmelygood candidams forlong-turinmonitoring consid_g the

rather limited(incomparison to ozone, for example) historiesof samllitcmeasurements af

• esc molecules. However, depending on thetype of insmuuent chosen far theNPOESS

ozone measm_ment sys_m, it may be possibletoobtainmeasurements of r:he_molecules

fairly inexpensively with fl_csame insu'ument.Considerationssuch as these should be

takenintoaccount when the ozone insmuncnt isselccmd.

7.0 Some Editorial Comments

The goal of thc recentNPOESS ozone workshop was m achieve a consensus on o'7one

measurement paramemrs such as accuracy and resolution,as well as d_finingthe specific

measurement needs Of t.ho slzamsphcricozone researchcommunity early in the next cen-



fury. This workshop was very successful and it is our opinion that more such events

should be held- In particular, it is very difficult to come up with a se.t of measm'ement

parametm-s without considering wh_ types of immune.am could possibly fill the require-

ments. _utly, the _search community is supposed to rc'com.mm_ paramemrs of the

sysmm without considering th_ type of insmtment that would best fill the rm:/uire.ments.

Th= prospectivecontracln_ are then expected to _pose a specificobserving system

which may then be rejccmd ff itdoes not meet therequirements.At firstthismethodology

•may seem perfectlyradnnal, however, itmay be argued thatthe choise,of the type of

instrumentmay not be scpar_d so remotsly from the &mi1_ scicnti_ co-___rions!

Fillingin a tableof paramemrs becomes more an cxemise inwritingup a wish listranhcr

than a carefulevaluationof researchneeds and accompHshmems Of past observing syg-

rams.A betterway to proceed is allow discussionof past ozon_ me.asurmnent systems,

_y evaluatingand comparing them in the contc_ of theirappmpriamness for an

operationalsamllitcprogram, ScientistsinRmat_ly familisrwith such pa._ gucc_ssf-ul

instrumentssuch as SBUV, TOMS, LIMS, SAGE, and MLS should discuss the advan-

tagesand weaknesses of thetheirsystemsin detail.Let'strytolearnas much aspossible

fl'omour pa._e.xperie,nc_s!In addition,thepossibilityof usingtheproposed Jnsmmxcnt to

measure oth_ stratosphgricpamm_tm's (lik_the those discussedabove) should also be

weighed, since itispossibleth_ additionalatmosphericinformRdon could be obtained

v_y cconomically.The type of obse_'vingsystem should be decided on by the SCIEN-

TISTS based on dctafl_ scientificcriteria,mad thencontractor'sbids should be solicited.

This would ensure the maximum amount of sci0ntificinvolvement in p_g thispro-

gram and itwould increasethe likelihoodthatwe willget r.hcmost sciend.finally-us_ul

measurements possib1_forthe firsthalfof the next century.Inaddition,itisvery impor-

tam thatthe t,R:_ESS plans bc rclamd to planned ground-based monitor.rig program_.

Considexadon of ground-based measurement programs could possiblyh_v_ implications

fordiscussionsof which stratosphericquantiti_NPOESS shouldmonitor, as well ashow

thcy should be monitored. NPOESS offersan extremelyvaluableoppommity to monitor

and study th_ stratospher_'sphotochemistry snd climate over a relativelylong period in

thenextcentury.The fact thatthenumber ofrcsearghss.tellitcLaunchesinthe nc_ ccn_Iry

ishlghlyunnertain,ms_.s itessentialthatthepisnningforN'POESS bc done as carefully

and thoughtfullyas possible.
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N-POESSOzone Workshop

4.1.6.2.28 Ozone TQtal Column/Profile rDoC]. Measurement of ozone concentration

within a specified volume.

Systems CapabditJe_ Thresholds Obiective$

a. Sensing Depth (kin)

1. Total column 0-top of atmosphere 0- top of atmosphere

2. Profile 10--60 0-60

b. Horizontal resolution (kin)

1. Total column 50 at nadir I 50 everywhere 2

2. Profile 250 250

c. Vertical resolution (kin)

1. Total column N/A N/A

2. Profile 0-I0 km N/A 3

10-25 km 3 1

25-60 k_m 5 3

d. Mapping (kin)

1. Total column

2. Profile

e. Range

1. Total colunmn

2. Profile

£

5 5

25 25

0.05--0.65 atm-cm

0-10 k.m N/A

Precision 3

1. Total column

2. Profile

10-60 k_m 0.!-15 ppmv or

3.109-1013 crn-3

0.05--0.65 atm-cm

0.0 I-3 ppmv or

I011_3.1012 cm-3

0.1-15 ppmv or

3.109-1013 cm-3

0.001 atm-cm 0.001 atrn-cm

0-10 km NtA 10%

10-15 km 10% 3%

15-50 km 3% 1%

50-60 km 10% 3%

lIn combination with the refresh requirement, this requirement means that footprints must be 50

km at nadir increasing as necessary to edge of the swath.
2This objective means constant size footprints across a swath.
3precision in this context means the instantaneous repeatability due to noise, not long term-

repeatability due to instrument drift.



NPOESS OzoneWorkshop 1995.08.31

g. Accuracy 4
I. Total column

2. Profile

0.015 atm-cm 0.005 atm-cm

0-10 k.m N/A 10%

10-15 km 20% 10%

15-60 k_m 10% 5%

h. Refresh (days)

1. Total column 1 1

2. Profile 7 1

i. Long-term calibration 5

I. Tot.a/column 1.0% 0.5%

2. Profile 2.0% 1.0%

4Accuracy may be hmited by uncertainties in our knowledge of fundamental absorption/emission

cross-section. The figures given here do include the error due to uncertainties in hne strengths.
5Long-term calibration means the long-term repeatability of a measurement.
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Recommendation and Justification for Stratospheric

Temperature Measurements

Alvin J. Miller, Melvyn E. Gelman, Shuntai Zhou

The requirements for temperature measurements as part of the stratospheric monitoring program is

based on many factors. Because ozone photochemistry in the stratosphere is temperature dependent

it is necessary to include temperature variability within the overall explanation of ozone changes. In

the lower stratosphere, temperatures have even more significance in their role in the development

of the stratospheric aerosols and Polar Stratospheric Clouds which have been shown to exacerbate

the ozone depletion in the lower stratosphere by influencing the temperature-dependent
heterogeneous conversion of nonreactive to reactive chlorine and bromine. This would increase the

formation of Polar Stratospheric Clouds and further accelerate the ozone loss at high altitudes.

Monitoring of temperatures, then, serves to aid understanding of observed ozone changes.

A second factor is the effect of ozone changes on observed temperatures. In the lower stratosphere,

the observed ozone decrease of about -6% per decade has been shown to be associated with

temperature decreases of about -0.5 degree per decade. This has several possible ramifications. It

can effect the formation of lower stratospheric aerosols as described above. Also, stratospheric

temperature changes can effect the radiative balance at the earth's surface, impacting the global

warming effect. For example, a decrease of temperature in the lower stratosphere has the effect of

reducing the infrared radiation to the earth's surface and contributing a small counter-effect to the

global warming impact.

It must be stressed that while the current discussion of stratospheric monitoring is done within the

context of ozone change, the buildup of atmospheric carbon dioxide leads to a significant signal of

a tropospheric temperature increase and stratospheric temperature decrease with the latter several

factors greater than the former. Thus, stratospheric temperature monitoring serves to examine and

help explain the combined impacts and causes of observed changes in atmospheric ozone and carbon
dioxide,

Finally, stratospheric circulations are closely related to, and can be derived from the temperature. It

is important to understand the seasonal and interannual changes in the circulation because it plays a

critical role in the transport processes of chemical species (including ozone and CFC's) and aerosols.

The temperature measurements also provide an objective benchmark for stratospheric modeling
studies.



StratosphericTemperatureProfileRequirements

Systems Capabilities Thresholds

10-60

250

a. Sensing Depth (kin)

b. Horizontal resolution (kin)

c. Vertical resolution (km)

0-10 km

10-25 km

25-60 km

N/A

3

5

d. Mapping (kin) 25

e. Range (K)
0-10 km

10-25 km

25-60 km

N/A

160-340

160-340

f. Precision (K)

0-I0 km

10-25 km

25-50 km

50-60 km

N/A

l

1

3

g. Accuracy (K)
0-10 km

10-25 km

25-50 km

50-60 km

N/A

1

2

3

h. Refresh (days)

0-60

25O

3

1

3

25

160-340

160-340

160-340

0.5

0.5

0.5

1.5

0.5

0.5

1

1.5

i. Long-term calibration (K) 0.5 0.5



Water Vapor Measurements Requirements -

Upper Troposphere�Stratosphere
D.J. Wuebbles

Systems Capabilities

Sensing Depnh

Horizontal Resolution

Vertical Resolution

(8kin - 22km)

(300rob- 30rob)

(22kin- 60kin)

(30rob - 0.01rob)

Mapping Accuracy

Measurement Accuracy

Refresh

Thresholds

8km - 60

!-2o(-100km)

<2km

5km

10km

10%

3 days

Objective

8km - 60km

50km

ikm

2km

5km

5%

1 day



MEASUREMENT REQUIREMENTS FOR SOLAR ULTRAVIOLET FLUX

AND KEY STRATOSPHERIC METEOROLOGICAL PARAMETERS

L. Hood
1.0 Introduction

In the lower stratosphere where the ozone photochemical lifetime is long compared to

dynamical transport time scales, the ozone abundance at any given season and geographic

location is strongly influenced by meteorological conditions. Because most of the ozone

column is at altitudes below 30 kin, these meteorological conditions can play an important

role in determining the total ozone value from day to day, month to month, and year to

year. A knowledge of any possible long-term changes in lower stratospheric meteorolog-

ical conditions is therefore necessary for evaluating the origin of ozone trends. It can be

shown that two key parameters that are commonly measured, temperature and geopoten-

tim height, are especially valuable for this purpose. However, the long-term accuracy and

precision that are needed for trend evaluations are not commonly achieved.

A second physical quantity that must be accurately known for a complete interpreta-

tion of ozone variability is solar ultraviolet spectral irradiance. Solar flux at wavelengths

less than 242 nm is responsible for the production of ozone in the upper stratosphere via

the photodissociation of molecular oxygen. The flux at wavelengths near 200 nm is known

to vary by 6 to 8% over a solar cycle and there may be significant changes on longer time

scales as well. A solar cycle variation of total ozone with a global mean amplitude of 1.5

to 2.0% has been detected in both satellite and ground-based data records (e.g., Chandra

and McPeters [1994]; Angell [1989]; Hood [1996]; Zerefos et al. [1996]). Ground-based

proxies for solar UV flux changes, while valuable on the solar cycle time scale, have not

been validated on longer time scales. Consequently, direct measurements of solar UV vari-

ability are required for e_duating the origin of ozone interannual variability and long-term

trends.

2.0 Meteorological Parameters

Observationally, it is well known that total ozone over a given geographic location

tends to be larger when lower stratospheric temperatures are increased and when the

geopotential heights of constant pressure surfaces in the lower stratosphere are decreased

[Reed, 1950; D_itsch, 1969; Rabbe and Larsen, 1992; Henriksen and Roldugin, 1995]. For

example, using data obtained over the former Soviet Middle Asia, Henriksen and Roldugin

[1995] demonstrate a significant positive correlation between ozone column density and

temperature at the 100 mbar level and a significant negative correlation between ozone

column density and the heights of the 100 and 500 mbar levels. Using a simple transport

model based on the ozone continuity equation and the thermodynamic energy equation, it

can be shown that this observed tendency is a consequence of dynamical forcing, i.e. verti-

cal and meridional air motions in the presence of spatial gradients of zonal mean ozone and

temperature (e.g., Hood et al. [1996]). Specifically, on a given constant-pressure surface

at a given geographic location, it is possible to derive a relationship between a dynami-

cally forced ozone mixing ratio perturbation Ar _ and dynamically forced perturbations of



temperature AT' and geopotentiM height AZ' of the form

At' = AAT' - BAZ'

where A and B are constants that are functions of the vertical and meridional gradients of

zonal mean temperature and ozone mixing ratio and of zonal mean zonal wind. Thus, if

the temperature and geopotential height perturbations can be accurately measured, it is

possible to calculate an approximate value for the ozone mixing ratio perturbation at that

level. Repetition of this procedure at a series of lower stratospheric levels then allows the

dynamically forced total ozone perturbation to be estimated.

Long-term lower stratospheric geopotential height and temperature data are available

from a variety of sources including the U. S. National Meteorological Center (e.g., Randel

[1992]; Finger et al. [1993]); the European Center for Medium-Range Weather Forecasting

(ECMWF); and from the Stratospheric Research Group at the Free University of Berlin

[Pawson et al., 1993]. In addition, 50-150 mbar weighted mean temperatures have been

derived from Channel 4 radiances of the MSU instruments on the NOAA operational

satellites [Spencer and Christy, 1993]. Of these data sources, the MSU data and the Berlin

data have been most extensively used for estimating lower stratospheric temperature and

geopotential height trends [Labitzke and van Loon, 1993; 1994; Randel and Cobb, 1994;

Pawson et al., 1993; Perlwitz and Graf, 1995]. The NMC and ECMWF data sets are not

generally considered to have sufficient long-term stability in the lower stratosphere to allow

trend evaluations.

From the standpoint of NPOESS, the above discussion underscores the need for ac-

curate and precise long-term satellite measurements of lower stratospheric temperature

profiles. The horizontal resolution, accuracy, and precision should be comparable to that

of the MSU Channel 4 data but with much better vertical resolution. The observed MSU

temperature trends near 100 mbar range from -4 to +4 K/decade at different locations

in the northern hemisphere (e.g., Randel and Cobb [1994]). The temperature precision

and accuracy measurement objectives (0.5 K) listed in Appendix 5 therefore appear to

be marginally sufficient for trend evaluations. Although accurate satellite remote sensing

temperature measurements at all levels in the troposphere and lower stratosphere would,

in principle, allow the geopotential heights to be calculated, direct measurements of geopo-

tential heights at several levels via radiosondes are a highly desirable supplement. A con-

tinuation of analyses similar to those carried out at the Free University of Berlin (at 100,

50, 30, and 10 mbar) is therefore recommended. Observed trends in 100 mbar geopotential

height range from -60 to +60 m/decade. Precisions and accuracies sufficient to allow the

detection of trends of this magnitude (approximately 10 m) are therefore recommended.

3.0 Solar Ultraviolet Radiation

Although variations of solar UV spectral irradiance have been directly measured on

time scales up to and including the II-year solar cycle, possible variations on longer time

scales have not yet been measured. Current estimates for the change in solar UV flux near

200 nm from solar minimum to maximum are in the range of 6 to 8% [Donnelly, 1991;

Cebula et al., 1992; DeLand and Cebula, 1994; Rottman and Woods, 1995]. Observational



evidencefor the effectsof variable solar UV spectra] irradiance on stratospheric ozone and

temperature at low and middle latitudes has been obtained on both the solar rotation time

scale (e.g., Hood [1986]; Keating et al. [1987]; Chandra [1986]) and on the solar cycle time

scale (e.g., Angell [1989]; Chmadra and McPeters [1994]; Hood [1996]; Zerefos et al. [1996]).

On time scales longer than a solar cycle, solar UV irradiance changes have thus far only

been estimated based on parameterizations of facular brightening and sunspot darkening

(e.g., Lean et al. [1995]). In order to validate such estimates, direct measurements of solar

UV flux changes from one cycle to the next are required.

A number of proxies for solar UV spectral irradiance variability have been developed

using both ground-based and proxy data. On time scales longer than the solar rotation

period, the Canadian 10.7 cm radio flux time series has been found to be highly correlated

with solar UV variations near 200 nm [Donnelly, 1991]. The Mg II core-to-wing ratio,

which requires satellite UV measurements near 280 nm, is a somewhat better proxy for

UV variations at shorter wavelengths [Heath and Schlesinger, 1986; Donnelly, 1991; Cebula

et al., 1992]. Although these proxies are probably adequate for time scales shorter than the

ll-year cycle and for UV variations near 200 nm, direct measurements are still required

for longer time scales and longer wavelengths. Consequently, direct solar UV spectral

irradiance measurements are an appropriate addition to the NPOESS ozone measurement

requirements. A long-term measurement precision of no worse than 1% at 200 nm can be

suggested.
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